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Introduction {#sec005}
============

Low back pain (LBP) affects most adults at some point in their lives. In the last decade, LBP was continuously found to be the top leading cause of years lived with disability globally \[[@pone.0166031.ref001]\]. As in many industrialized countries, LBP is one of the most common health disabilities in Japan. In a population-based survey, the lifetime and 4-wk LBP prevalence were 83% and 36%, respectively \[[@pone.0166031.ref002]\].

It has been difficult to identify the cause of LBP. A specific source of pain can be identified in some cases of LBP; however, the source cannot be identified in other cases of LBP (i.e., non-specific LBP) \[[@pone.0166031.ref003]\]. Magnetic resonance imaging (MRI) can identify underlying pathologies of LBP. However, the importance of MRI findings is unclear and controversial. Some reports have shown that disc degeneration was a source of LBP \[[@pone.0166031.ref004],[@pone.0166031.ref005]\], whereas other reports have shown that there was no relationship between disc degeneration and LBP \[[@pone.0166031.ref006],[@pone.0166031.ref007]\]. Reports have also shown that discogenic LBP associated with degenerative disc disease (DDD) is confirmed by the MRI findings and response to the injection of contrast media or local anesthesia into the disc \[[@pone.0166031.ref008]--[@pone.0166031.ref010]\]. Schwarzer et al. reported that 39% of cases of chronic LBP are discogenic, and the diagnosis is made by computed tomography after discography \[[@pone.0166031.ref011]\]. The technique of injecting local anesthesia into a disc is analgesic discography (discoblock). However, these procedures do not necessarily indicate high specificity findings of discogenic LBP \[[@pone.0166031.ref012], [@pone.0166031.ref013]\], and they are invasive and harmful to the disc \[[@pone.0166031.ref014], [@pone.0166031.ref015]\].

We hypothesized that discogenic LBP is one of the causes of LBP, and we sought to determine easier and less invasive means of diagnosing discogenic LBP. Few reports have specified that LBP in the sitting position can indicate discogenic LBP \[[@pone.0166031.ref016]\]. However, no report has found that LBP in standing position with flexion can indicate discogenic LBP. Based on our clinical experiences, we also hypothesized that discogenic LBP could be indicated in standing position with flexion and in sitting position. The purpose of the current study was to evaluate the usefulness of our original questions in a medical interview about LBP, which was intended to determine the characteristics of discogenic LBP, and establish a support tool for diagnosing discogenic LBP.

Materials and Methods {#sec006}
=====================

Subjects {#sec007}
--------

In the current study, we defined the DDD group as those who suffered from discogenic LBP associated with DDD. The DDD group consisted of consecutive patients from November 2012 to April 2014. Fifty-three patients had been diagnosed as having DDD by MRI and discoblock. Of 53 patients, we excluded 11 who had suffered from spondylolisthesis, scoliosis, and spondylolysis accompanied by DDD. Therefore, the DDD group consisted of 42 consecutive patients. We defined the control group as those who had suffered from LBP due to reasons other than DDD. We selected the control group from patients who had been diagnosed as having lumbar spinal stenosis (LSS) and had undergone posterior decompression surgery without fusion. The control group consisted of consecutive patients from April 2012 to December 2013. One hundred and seven patients had undergone decompression surgery for LSS. Of 107 patients, we could evaluate the numerical rating scale (NRS) score of 83 patients' LBP at 1 year postoperatively. Of 83 patients, 30 had a decrease in the postoperative NRS score of greater than or equal to 3 points compared with the preoperative NRS score. We included these 30 patients in the control group. In summary, 72 patients were included in this study, which consisted of 42 in the DDD group and 30 in the control group ([Fig 1](#pone.0166031.g001){ref-type="fig"}). We also collected patients' background information, including their age, sex, height, weight, and smoking habit, using a self-written questionnaire. We calculated the body mass index (BMI) from the data of height and weight. We also determined the NRS score of patients' LBP and assessed the Oswestry Disability Index (ODI) score \[[@pone.0166031.ref017]\] using a self-written questionnaire. We used a validated version of the Japanese ODI, which had been translated from the ODI version 2.0 \[[@pone.0166031.ref018]\]. The reliability and validity of this version was evaluated in their previous study, and was sufficient to use for outcome studies in Japan. This study was approved by the medical/ethics review board of Iwai Orthopaedic Medical Hospital. Written informed consent was obtained from all the patients.

![Study flow chart.\
Forty-two patients were included in the degenerative disc disease (DDD) group, and 30 patients were included in the control group. LBP, low back pain; NRS, numerical rating scale; LSS, lumbar spinal stenosis.](pone.0166031.g001){#pone.0166031.g001}

Definition of discogenic LBP {#sec008}
----------------------------

Although there is no consensus on how to diagnose discogenic LBP, we hypothesized and defined discogenic LBP as LBP that met the following criteria: MRI findings of a degenerated disc, and response to the discoblock into the disc suggestive of LBP. Although a discoblock may be harmful to the disc and it does not necessarily indicate high specificity findings of discogenic LBP, we hypothesized that a positive response to a discoblock indicates discogenic LBP.

At our hospital, well-trained medical clerks ask all patients about their medical history and symptoms during their first visit usually before they see the doctor. For patients who had suffered from lumbar diseases, medical clerks asked them about the following items in a medical interview: whether they had LBP from sitting too long, whether they had LBP while standing after sitting too long, whether they squirmed in a chair after sitting too long, whether they had LBP while washing their face, and whether they had LBP in standing position with flexion via a medical interview. Additionally, we precisely defined and evaluated the region of LBP and depicted it in a diagram for patients (i.e., pain localized between the costal margin and the inferior gluteal folds according to a previous report \[[@pone.0166031.ref019],[@pone.0166031.ref020]\]). This was important for standardizing the study protocol for LBP.

We evaluated patients' physical findings, and radiography and MRI findings as needed. If the MRI showed only disc degeneration without disc herniation, spinal stenosis, or any other obvious findings, we suspected DDD. We evaluated disc degeneration on sagittal T2-weighted MRI based on Pfirrmann's grading system \[[@pone.0166031.ref021]\]. We considered grades ≥4 as disc degeneration. When we suspected discogenic LBP associated with DDD and the patient's disability was severe despite conservative therapies, we performed an additional examination (discoblock, a 1-mL injection of 1% lidocaine into the disc suggestive of LBP), and evaluated the degree of LBP both before and after the injection. We hypothesized discogenic LBP associated with DDD when the NRS score for LBP after the discoblock was \<50% of that before the discoblock, although it was unclear whether the cutoff reduction rate of 50% was appropriate. When multilevel disc degeneration was shown on MRI, we performed the injections on a different day and evaluated the effectiveness of the injection for each disc.

Statistical methods {#sec009}
-------------------

We compared the baseline characteristics of both groups, and analyzed the usefulness of the aforementioned five items of the medical interview for diagnosing discogenic LBP. For the age-adjusted analysis, we set the cut-off value at 65 years. Moreover, after identifying significant symptoms of discogenic LBP, we developed a support tool for diagnosing discogenic LBP.

Descriptive statistics were determined and presented as means and standard deviations or frequencies and percentages. Between-group differences in baseline characteristics were evaluated using the chi-square test for categorical variables, and Student's t-test for continuous variables. Age-adjusted odds ratios and 95% confidential intervals for each questionnaire were evaluated by logistic regression analyses. Moreover, we set the scores of each item as integral values from each age-adjusted odds ratio, and performed receiver operating characteristic (ROC) curve analysis to develop a support tool for diagnosing discogenic LBP. Finally, we calculated the area under the ROC curve (AUC), sensitivity, and specificity. An AUC of 1.0 indicated perfect discrimination, and in general, an AUC ≥0.7 was considered to indicate acceptable discrimination. Statistical analysis was performed using the JMP 11.0 software program (SAS Institute, Cary, NC, USA). A p value \<0.05 was considered significant.

Results {#sec010}
=======

Patients' average age was 53.9 years in the DDD group and 71.1 years in the control group. The ratio of age ≥65 years was 16.7% in the DDD group and 30.1% in the control group. There was a significant difference in age between the DDD and control groups (p \< 0.0001 and p = 0.0002, respectively). However, there were no significant differences in the other baseline characteristics such as sex, BMI, smoking habit, NRS score, and ODI score. There were significant differences between the groups for each item of the medical interview about LBP after sitting too long (p \< 0.0001), LBP while standing after sitting too long (p \< 0.0001), squirming in a chair after sitting too long (p = 0.011), LBP while washing one's face (p \< 0.0001), and LBP in standing position with flexion (p \< 0.0001) ([Table 1](#pone.0166031.t001){ref-type="table"}).

10.1371/journal.pone.0166031.t001

###### Baseline characteristics of patients in the DDD group and control group.

![](pone.0166031.t001){#pone.0166031.t001g}

                                                                                         DDD group (n = 42)   Control group (n = 30)   *P* value
  -------------------------------------------------------------------------------------- -------------------- ------------------------ -----------------------------------------------
  ● Age[^1)^](#t001fn003){ref-type="table-fn"}                                           53.4 ± 16.2          71.1 ± 9.4               \<0.0001[\*](#t001fn002){ref-type="table-fn"}
  ● Age ≥65 years[^2)^](#t001fn004){ref-type="table-fn"}                                 12 (16.7)            22 (30.1)                0.0002[\*](#t001fn002){ref-type="table-fn"}
  ● Female sex[^2)^](#t001fn004){ref-type="table-fn"}                                    15 (35.7)            7 (23.3)                 0.26
  ● BMI (kg/m^2^)[^1)^](#t001fn003){ref-type="table-fn"}                                 24.2 ± 3.2           24.9 ± 2.7               0.36
  ● Smoking habit[^2)^](#t001fn004){ref-type="table-fn"}                                 28 (66.7)            16 (53.3)                0.25
  ● Current smoking habit[^2)^](#t001fn004){ref-type="table-fn"}                         9 (21.4)             6 (20.0)                 0.88
  ● NRS score[^1)^](#t001fn003){ref-type="table-fn"}                                     6.2 ± 2.3            6.2 ± 1.7                0.99
  ● ODI score[^1)^](#t001fn003){ref-type="table-fn"}                                     37.2 ± 13.3          37.8 ± 9.9               0.84
  ● LBP after sitting too long[^2)^](#t001fn004){ref-type="table-fn"}                    35 (83.3)            9 (30.0)                 \<0.0001[\*](#t001fn002){ref-type="table-fn"}
  ● LBP while standing after sitting too long[^2)^](#t001fn004){ref-type="table-fn"}     35 (83.3)            11 (36.7)                \<0.0001[\*](#t001fn002){ref-type="table-fn"}
  ● Squirming in a chair after sitting too long[^2)^](#t001fn004){ref-type="table-fn"}   33 (78.6)            15 (50.0)                0.011[\*](#t001fn002){ref-type="table-fn"}
  ● LBP while washing one's face[^2)^](#t001fn004){ref-type="table-fn"}                  31 (73.8)            6 (20.0)                 \<0.0001[\*](#t001fn002){ref-type="table-fn"}
  ● LBP in standing position with flexion[^2)^](#t001fn004){ref-type="table-fn"}         22 (52.4)            2 (6.7)                  \<0.0001[\*](#t001fn002){ref-type="table-fn"}

Data are shown as mean ± standard deviation or number of participants (%).

\*: *P* \< 0.05

^1)^: Student's t-test

^2)^: chi-square test.

DDD, degenerative disc disease; ODI, Oswestry Disability Index; NRS, numerical rating scale; LBP, low back pain.

In the age-adjusted analyses, the odds ratios of LBP after sitting too long, LBP while standing after sitting too long, squirming in a chair after sitting too long, LBP while washing one's face, and LBP in standing position with flexion were 10.5, 8.5, 4.0, 10.8, and 11.8, respectively. There were significant differences for all five items of the medical interview between the groups ([Table 2](#pone.0166031.t002){ref-type="table"}). The integer scores were 11, 9, 4, 11, and 12, respectively, and the sum of the points of the five scores ranged from 0 to 47. Results of the ROC analysis were as follows: cut-off value, 31 points; AUC, 0.92302; sensitivity, 100%; and specificity, 71.4%.

10.1371/journal.pone.0166031.t002

###### Age-adjusted odds ratio, 95% confidential interval, and p-value for each item of the medical interview regarding LBP.

![](pone.0166031.t002){#pone.0166031.t002g}

                                                  Odds ratio   95% confidential interval   *P* value                                       Integer score
  ----------------------------------------------- ------------ --------------------------- ----------------------------------------------- ---------------
  ● LBP after sitting too long                    10.5         3.3--39.4                   \<0.0001[\*](#t002fn001){ref-type="table-fn"}   11
  ● LBP while standing after sitting too long     8.5          2.7--31.9                   0.0002[\*](#t002fn001){ref-type="table-fn"}     9
  ● Squirming in a chair after sitting too long   4.0          1.3--13.7                   0.016[\*](#t002fn001){ref-type="table-fn"}      4
  ● LBP while washing one's face                  10.8         3.3--41.3                   \<0.0001[\*](#t002fn001){ref-type="table-fn"}   11
  ● LBP in standing position with flexion         11.8         2.8--82.2                   0.0004[\*](#t002fn001){ref-type="table-fn"}     12

\*: *P* \< 0.05.

LBP, low back pain.

Discussion {#sec011}
==========

We examined five items of our medical interview regarding discogenic LBP. We hypothesized and defined discogenic LBP as a degenerated disc on MRI and response to a discoblock used for the disc suggestive of LBP.

No significant difference was observed in the baseline characteristics between the two groups, except with regard to age. The DDD group consisted of significantly younger patients and thus had a wider generation than the control group, although disc degeneration progresses with advancing age \[[@pone.0166031.ref005]\]. The reason for this may be caused by our definition of the control group.

We intended to define the control group as those who had LBP that was not mild for reasons other than discogenic LBP. The NRS score of 6.2 and ODI score of 37.8 in the control group indicate that the LBP was not mild, thus it was equivalent to that in the DDD group in terms of severity. However, it is difficult to confirm whether LBP was discogenic. Accordingly, we focused on patients who had been diagnosed as having LSS. Some patients with LSS have LBP, whereas other patients do not have LBP. The MRI scans of patients with LSS often show degenerated discs in addition to spinal stenosis, because disc degeneration progresses with advancing age \[[@pone.0166031.ref005]\] and LSS is often present in older people. However, the cause of LBP in patients with LSS is not necessarily derived from disc degeneration. It can often improve after decompression surgery without fusion \[[@pone.0166031.ref022]\], which indicates that compression of the dura itself can present as LBP in these patients. We hypothesized that improvement of LBP in the control group resulted from decompression of the dura itself and that it was not associated with disc degeneration, although the lack of a negative response to the discoblock in the control group was not evaluated in this study. We excluded patients who had undergone decompression combined with fusion surgery because the improvement of LBP by fusion surgery implies the co-existence of discogenic LBP. We defined a clinically meaningful improvement in LBP postoperatively as a reduction in the NRS score of ≥3 points, according to a study that reported that the cut-off value for the decrease in the NRS score is 2.5 for successful lumbar surgery \[[@pone.0166031.ref023]\]. Therefore, we considered the cause of LBP in the control group as LBP caused by LSS itself and that it was not associated with DDD. As LSS is often present in more aged people, there was a significant difference in age between the two groups. Therefore, we performed age-adjusted analyses. We defined the cut-off age as 65 years. Since the prevalence of LBP increases with advancing age \[[@pone.0166031.ref002]\], we did not underestimate the DDD group, which was younger than the control group.

There were significant differences between the groups in all the five items of our medical interview for analyses adjusted and not adjusted by age. The odds ratios of only the items of LBP after sitting too long, LBP while washing one's face, and LBP in standing position with flexion were \>10. One reason for this may be because the results seemed to be associated with a higher intradiscal pressure in sitting and standing positions with flexion \[[@pone.0166031.ref024]--[@pone.0166031.ref028]\]. LBP while standing after sitting too long was significantly associated with discogenic LBP. The motion of standing after sitting too long includes changing the status of both the disc and facet, which is often degenerated in patients with LSS; however, our result indicated that LBP was discogenic. Therefore, the result may have been derived from the increasing intradiscal pressure. The items LBP while washing one's face and LBP in standing position with flexion may be similar; however, we had intended to differentiate mild flexion of the trunk, such as the posture for washing one's face from full flexion of the trunk. In terms of the results, both items can significantly indicate discogenic LBP. The results may have also been derived from increasing intradiscal pressure.

Another reason why the results seemed to be similar to previous reports may be because being in one position too long advances disc degeneration \[[@pone.0166031.ref029], [@pone.0166031.ref030]\]. We assumed that being in one position too long caused discogenic LBP. LBP after sitting too long was also significantly associated with discogenic LBP. The high odds ratio of 10.5 for sitting too long in the current study may have been derived from being in the same position too long rather than from increasing intradiscal pressure itself. The symptom of squirming in a chair after sitting too long was also significantly associated with discogenic LBP. There has been no report about the relationship between LBP and squirming in a chair after sitting too long. This may have also been derived from being in the same position too long.

The AUC of 0.92302 was considered to indicate acceptable discrimination. ROC analysis indicated the cut-off value of 31 in our scoring system for diagnosing discogenic LBP, which meant that \>31 points of the total 47 points are needed to diagnose discogenic LBP. Considering each item of the medical interview, we can diagnose discogenic LBP in all cases if four or five of the five items are positive, and in some cases if three of five items are positive.

There were some limitations to the current study. First, answers to the medical interview were not necessarily accurate. The subjective evaluation of the patients' own LBP can vary, i.e., positive or negative responses can differ depending on the medical interview. However, the results of the current study showed the high odds ratios of the five items, so we considered the results acceptable. Second, we did not evaluate the effectiveness of a discoblock in patients in the control group. The MRI scans of patients with LSS often show degenerated discs in addition to spinal stenosis. We omitted the evaluation of degenerated disc by discoblock in the control group. Patients had been diagnosed as having LSS based on clinical features such as lower limb symptoms and MRI findings; thus, an additional discoblock seemed unnecessary from clinical and ethical standpoints. However, if there were negative findings among the control group, our method for diagnosing discogenic LBP is more reliable. Third, we could not diagnose the degenerated disc responsible for LBP by the medical interview without performing the discoblock if there were multiple degenerated discs on the patient's MRI. Fourth, we did not evaluate any other diseases such as LBP associated with sacroiliac joint dysfunction, LBP of the zygapophyseal joint, and major disturbances of the central nervous system associated with chronic pain. Fifth, there was selection bias among our patients. All patients in the DDD group had undergone surgery, although the therapy for discogenic LBP associated with DDD was usually considered conservative. Although patients in the DDD group who were sent to our hospital had a tendency of having severe LBP, patients from one hospital cannot represent patients with discogenic LBP in general.

Conclusions {#sec012}
===========

In accordance with our hypotheses that discogenic LBP exists and that a positive response to a discoblock indicates discogenic LBP, all five items of our medical interview about LBP (i.e., LBP after sitting too long, LBP while standing after sitting too long, squirming in a chair after sitting too long, LBP while washing one's face, and LBP in standing position with flexion) were useful for diagnosing discogenic LBP associated with DDD. We can diagnose discogenic LBP in all cases if four or five of the five items of the medical interview are positive, and in some cases, if three of five items are positive.
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======================

###### Supporting information.

Dataset of this study.

(XLS)

###### 

Click here for additional data file.

We would like to thank Hiromi Yamanobe, Ai Ido, Kumiko Shimada, and Yuka Miura who are the medical clerks at the hospital for collecting the data.

[^1]: **Competing Interests:**The authors have declared that no competing interests exist.

[^2]: **Conceptualization:** JT KM HO ST.**Data curation:** JT.**Formal analysis:** JT HO.**Investigation:** JT HI.**Methodology:** JT HO.**Resources:** JT HI YT YY HK RS YO SB.**Supervision:** KM ST.**Writing -- original draft:** JT.**Writing -- review & editing:** JT HO JK.
